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in the construction industry. This study considers the current state-of-the-art issues relevant to this
subject. It covers the construction labor productivity deﬁnitions, aspects, measurements, factors
affecting it, different techniques used for measuring it and modeling techniques. The main outcome
from the literature is that there is no standard deﬁnition of productivity. This study provides a guide
for necessary steps required to improve construction labor productivity and consequently, the pro-
ject performance. It can help improve the overall performance of construction projects through the
implementation of the concept of benchmarks. Also, it gives an up to date concept of loss of pro-
ductivity measurement for construction productivity claims. Two major case studies, from the lit-
erature, are presented to show construction labor productivity rates, factors affecting
construction labor productivity and how to improve it.
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lsevier1. Introduction
Inefﬁcient management of construction resources can result in
low productivity. Therefore, it is important for contractors and
construction managers to be familiar with the methods leading
to evaluate the productivity of the equipments and the laborers
in different crafts. To achieve the income expected from any
construction project in general, it is important to have a good
controlling hand on the productivity factors that contribute in
the integrated production composition, like labor, equipment,
cash ﬂow, etc. In Egypt, literature revealed that the second per-
formance criteria, out of 12, by which construction managers
would like their performance to be evaluated is ‘‘the efﬁcient
utilization of resources’’ [1]. Also it showed that young site
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zation of resources the second out of 12 factors that affect the
performance of construction organizations in Egypt (Abdel-
Razek, 1998, cited in Abdel-Razek, 2004, p. 4) [2].2. Productivity deﬁnitions and concepts
Productivity can be deﬁned in many ways. In construction,
productivity is usually taken to mean labor productivity, that
is, units of work placed or produced per man-hour. The in-
verse of labor productivity, man-hours per unit (unit rate), is
also commonly used [3].
Horner and Talhouni [4] stated ‘‘A popular concept in the
USA, and increasingly in the UK, is the concept of earned
hours. It relies on the establishment of a set of standard out-
puts or ‘‘norms’’ for each unit operation. Thus, a number of
‘‘earned’’ hours are associated with each unit of work com-
pleted. ‘‘Productivity’’ may then be deﬁned as the ratio of
earned to actual hours. The problem with this concept is in
establishing reliable ‘‘norms’’, for setting standards. It also
depends on the method used to measure productivity, and
on the extent to which account is taken of all the factors
which affect it.’’
3. Construction labor productivity measurement
Different measures of productivity serve different purposes. It
is important to choose a measure that is appropriate to the
purpose [5].
Thomas et al. [5] deﬁned different aspects of measures as
follows:3.1. Economic models
The department of Commerce, Congress, and other govern-
mental agencies use a productivity deﬁnition in the following
form:
Total factor productivity ðTFPÞ
¼ Total output
LaborþMaterialsþ Equipmentþ Energyþ Capital
ð1aÞ
TFP ¼ Dollars of output
Dollars of input
ð1bÞ
TFP is really an economic model measured in terms of dollars,
since dollars are the only measure common to both inputs and
outputs. Various agencies may modify Eq. (1) by adding main-
tenance costs or deleting energy or capital costs. Outputs are
expressed in terms of functional units. For example, the Fed-
eral Highway Administration may be interested in:
Productivity ¼ Output
Designþ InspectionþConstructionþRight-of-way ð2aÞ
Productivity ¼ Lane mile
Dollars
ð2bÞ
The deﬁnition is also useful in policy-making and for broad
program planning. Eq. (2) is also subject to signiﬁcant inaccu-
racies when applied to individual projects.3.2. Project-speciﬁc models
A more accurate deﬁnition that can be used by governmental
agencies for speciﬁc program planning and by the private sec-
tor for conceptual estimates on individual projects is:
Productivity ¼ Output
Laborþ EquipmentþMaterials ð3aÞ
Productivity ¼ Square feet
Dollars
ð3bÞ
Design professionals use productivity data in this form.
3.3. Activity-oriented models
A contractor is more likely to deﬁne productivity using a nar-
rowly deﬁned version of Eq. (3), where the units of output are
speciﬁc for generic kinds of work. Typical units are cubic yards,
tons, and square feet. Various related activities, such as form-
work, steel reinforcement, and concrete placement, can be com-
bined using the earned-value concept (Thomas and Kramer,
1987, cited in Thomas et al., 1990, p. 706) [5]. Productivity is ex-
pressed as units of output per dollar or work-hour.
At the project site, contractors are often interested in labor
productivity. It can be deﬁned in one of the following ways
(Thomas and Mathews, 1985 cited in Thomas et al., 1990, p.
707) [5]:
Labor productivity ¼ Output
Labor cost
ð4Þ
or
Labor productivity ¼ Output
Work-hour
ð5Þ
There is no standard deﬁnition of productivity and some
contractors use the inverse of Eq. (5):
Labor productivity ¼ Labor costs or work-hours
Output
ð6Þ
Eq. (6) is often called the unit rate. Still other contractors
rely on the performance factor as a measure of productivity
Performance factor ¼ Estimated unit rate
Actual unit rate
ð7Þ
Other terms, such as efﬁciency, are often used synony-
mously with labor productivity.’’
The Construction Management Research Unit at Dundee
University measures labor productivity in three different ways
[4]:
(1) Output
Total time
, where total time is total paid time.
(2) Output
Available time
, where available time is total time minus
unavoidable delays, principally meal breaks and
weather.
(3) Output
Productive time
, where productive time is available time
minus avoidable delays3.4. The baseline productivity
Thomas [6] stated ‘‘Because disruptions adversely affect labor
productivity, the best productivity occurs when there are few
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productivity.
The baseline productivity is calculated by applying the fol-
lowing steps to the daily productivity values:
(a) Determine the number of workdays that comprise 10%
of the total workdays.
(b) Round this number to the next highest odd number; this
number should not be less than 5. This number, n,
deﬁnes the size of (number of days in) the baseline
subset.
(c) The contents of the baseline subset are the n workdays
that have the highest daily production or output.
(d) For these days, note the daily productivity.
(e) The baseline productivity is the median of the daily pro-
ductivity values in the baseline subset.’’
Ibbs and Liu [7] criticized the Thomas’s baseline method
and stated that ‘‘It is highly subjective. There is no evidence
that 10% of the whole daily productivity is a reasonable or
well-accepted percentage to represent the best performance a
contractor could achieve. Every project is different. Moreover,
this 10% sample is presumably 10% of the time that similar
work is being performed, not 10% of the total project, which
may consist of a series of quite dissimilar work categories.
However, Thomas is unclear on this. This procedure selects
the contents of the baseline subset ‘‘as the n workdays that
have the highest daily production or output.’’ Daily output
might be maximized by crew size. Therefore, certain days
could be selected as the baseline, which are not truly indicative
of the achieved productivity.’’ Ibbs and Liu [7] introduced a
new method called ‘‘K-means clustering’’ for baseline produc-
tivity calculation that overcomes such weaknesses.
Lin and Huang [8] introduced data envelopment analysis
(DEA) as a new method for deriving baseline productivity.
They compared it with the other four baseline productivity
deriving methods (measured mile, Thomas, control chart,
and K-means clustering). DEA is concluded as the best meth-
od in terms of objectivity, effectiveness, and consistency to
ﬁnd BP that represents the best performance a contractor
can possibly achieve. With the capability of deriving produc-
tivities of multi-input and multi output activities, the pro-
posed DEA has raised the scale of labor productivity from
the level of single factor productivity to total factor produc-
tivity (TFP) which will help construction researchers and
managers to evaluate performances of interests in a much
more effective way.
3.5. Measured mile
According to Thomas [9] the measured mile is a concept, not a
procedure.
The measured mile is a continuous period of time when the
labor productivity is unimpacted. The measured mile approach
compares the impacted period with unimpacted period from
the same project. The impacted and unimpacted periods must
have the same resources. Only the working condition will dif-
fer, and only due to impact because of the owner. The differ-
ence in productivity is the inefﬁciency/loss due to such impact.
In cases of construction labor-productivity loss claims, the
measured mile is the most widely accepted approach by courts
and boards [10].The success rate for loss of productivity claims is low be-
cause there is in general no rigorous methodology for quanti-
fying damages and, speciﬁcally no rigorous methodology for
developing and applying the measured mile concept [9].
Ibbs [11] introduced a series of guidelines that can be used
by contractors, consultants, owners and other interested par-
ties to develop and apply measured miles for quantifying the
loss of labor productivity on disputed projects, either on a for-
ward-looking or retrospective basis. They may also help in for-
ward-pricing change proposals. Also, they may help reduce the
uncertainty and inconsistency in loss of productivity requests
and claims, and make construction more cost effective.
3.6. Cumulative productivity
Cumulative productivity is a compilation of all of the work
hours charged to an activity divided by the total quantities in-
stalled to date. It is calculated using the following equation:
Cumulative productivity ¼ Total work hours charged to a task
Total quantity installed
ð8Þ
The primary use of cumulative productivity calculations is
to assess how the work is progressing as a whole and to predict
the ﬁnal productivity rate upon completion of the activity [6].
3.7. The project management index (PMI)
Thomas [6] stated ‘‘The work to be done is deﬁned by the con-
tract documents and is called the work content. The work envi-
ronment deﬁnes the conditions under which the work is actually
done. Management has primary control over these factors. As
baseline subset contains the highest output, so it represents
the data that are not affected by the work environment and
are affected primarily by the work content or design complexity.
This project parameter has limited usefulness unless it can be
compared to similar parameters computed from other projects
or other activities on the same project. Thus, it is necessary to
normalize the management inﬂuence into a non-dimensional
parameter called the project management index (PMI).
Project management index ðPMIÞ
¼ cumulative productivity baseline productivity
baseline productivity
ð9Þ
The lower the value of the PMI, the better it is.’’
From Eq. (8), the lower numerical value of cumulative pro-
ductivity means better productivity. As base line productivity
is the best (higher) productivity within a project, so it should
be the lowest numerical value (W h/unit) and always lower
than cumulative productivity value. Therefore, in Eq. (9), the
value of the PMI should not be a negative value. If we would
apply the method of Thomas [6], with its weaknesses, there
would be days that could be selected as the baseline which
are not truly indicative of the best (higher) productivity. There-
fore, the value of PMI, using this method, might be negative,
so it is worth to notice and understand this case.
3.8. Conversion factors
Thomas [6] stated ‘‘When the crew performs a variety of works
in a single workday, problems can arise. Several examples of
the kinds of diversity in daily output follow.
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umn, and slab formwork simultaneously.
 A sheet metal crew erects several sizes of duct plus louvers,
dampers, and vents.
Use a weighted average approach to combine the quantities
into an equivalent amount of one type or size unit (called the
standard item) involves the use of conversion factors.
Conversion factorij ¼
Unit rate for the item in questionij
Unit rate of the standard itemj
ð10Þ
where i= the item number and j= the manual number. A un-
ique set of conversion factors is calculated for each manual or
source.’’3.9. Productivity measurement techniques
There are many of productivity measurement techniques that
can be utilized for measuring construction labor productivity.
Productivity measurement can be most beneﬁcial when various
techniques are employed. The most commonly used techniques
include:
(a) Activity sampling technique.
(b) Foreman delay surveys technique.
(c) Time study technique.
(d) Motion analysis technique.
(e) Group timing technique.
Collected data must be concerned with the inputs of the
system under study as well as information about the various
components of system and the interconnections between
them. The collected data must be timely related to the prob-
lem under study. Types of collected data must be deter-
mined. Also, the scope of the collected data must be
illustrated.
It is very important to distinguish between productivity
measurement and work study. Thomas et al. [5] stated ‘‘It must
be recognized that the terms productivity measurement, work
study, and work measurement are not interchangeable. Work
study is the systematic study of work systems for the purposes
of ﬁnding and standardizing the least-cost method, determin-
ing standard times, and assisting in training in the preferred
method. A work study is sometimes called a time-and-motion
study.’’3.10. Difﬁculties in measuring productivity
(a) Measuring outputs whose characteristics may change
over time.
(b) Deﬁning and measuring real capital strokes and inputs
as well as labor inputs when the characteristics of both
factors are diverse and changing.
(c) Changes in general level of prices.
(d) Changes in supply, demand equilibrium for given
resource.
(e) Changes in the quality of the output (Sumanth, 1985,
cited in Aziz, 2004, p. 36) [12].4. Factors affecting construction labor productivity
The main problems of the construction industry are: its declin-
ing rate of productivity and lack of productivity standards.
There are numerous factors which have inﬂuence on labor pro-
ductivity. These factors could be classiﬁed as:
 Industry related factors.
 Management related factors.
 Labor related factors.
Industry related factors are such as design factor (repetition
and complexity), building codes, construction technology, laws
and regulations, job factors (job duration, size of the job and
type of job), adverse, uncertain weather and seasonality and
site location.
Construction projects in hot weather environment should
apply safety regulations of the hot weather. Most of the regu-
lations consider the effect of the combination of ambient tem-
perature and relative humidity in one term named Heat Stress
Index. The Heat Stress Index equation is:
HI ¼ 42:379þ 2:04901523Tþ 10:14333127R
 0:22475541TR 6:83783 103T2  5:481717
 102R2 þ 1:22874 103T2Rþ 8:5282
 104TR2  1:99 106T2R2 ð11Þ
where T= ambient temperature (F), R= relative humidity
(integer percentage).
Because this equation is obtained by multiple regression
analysis, the heat index value (HI) has an error of ±1.3 F.
Even though temperature and relative humidity are the only
two variables in the equation, all the other variables affect
the Heat Index are implied.
The heat index varies from time to time during the day; the
safety regulations at site for a large oil and gas project in the
gulf area stated speciﬁc resting time for workers as in Table 1.
Example. If we consider an ambient temperature and relative
humidity of 40 C (96 F) and 60% respectively, by substitut-
ing in equation 2–20 we will get a Heat Index value of
111.69 F (49.6 C).
The obtained value puts this case in the danger zone (46–
53 C) as per Table 1.
Maloney [13] stated ‘‘Government regulations is inﬂuencing
productivity. Such regulations as building codes, occupational
safety and health, and afﬁrmative action have been found to
have a signiﬁcant inﬂuence on construction labor
productivity.’’
Management related factors are such as planning and
scheduling, leadership, motivations and communication.
Logcher and Collins [14] gave basic knowledge about major
factors of management strategy and stated ‘‘What is needed is
a basic knowledge of how major factors of a management
strategy, divorced from means, methods, materials, and job
conditions, independently affect labor.
These factors include: (1) The level of on-site management
and coordination; (2) workmen’s job security; (3) labor experi-
ence; (4) workmen’s long-term pacing; (5) delays; and (6)
breaks in the work. Other management decisions signiﬁcantly
affect labor productivity especially decisions related to the ﬂow
Table 1 Heat stress categories and precautions (Project Regulation, 2007).
Danger
category
Heat index
value (C)
Heat syndrome Resting
time
Water
need
General heat stress guide
Extreme
danger
54–64 Heat stroke or sunstroke imminent 15 min/h 1 Glassa/
10 min
Danger 46–53 Sunstroke, heat cramps or heat exhaustion likely. heat stroke
possible with prolonged exposure and physical activity
10 min/h 1 Glassa/
10 min
Extreme
caution
38–45 Sunstroke, heat cramps or heat exhaustion possible with
prolonged exposure and physical activity
7 min/h 1 Glassa/
15 min
Caution 30–37 Fatigue possible with prolonged exposure and physical activity No
requirement 1 Glassa/20 min
a 1 Glass = 250 ml.
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particular to the job conditions encountered.’’
Labor related factors are such as labor skill, motives and la-
bor availability. Mcnally and Havers (1967, cited in Ibrahim,WORK STU
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Figure 1 Work study process (Drewin, 19851997, p. 9) [15] stated ‘‘Workers must possess the ability and
know how to perform the task skillfully. The adequacy of
the available supply of trained skilled labors will deﬁnitely af-
fect labor productivity’’ Fig. 1.DY 
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roductivity
cited in Thomas et al., 1990, p. 708) [5].
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Thomas et al. [5] stated ‘‘The simplest model of the construc-
tion process is shown in Fig. 2. This is called a closed conver-
sion process because all factors affecting the work are held
constant except for the known input and output. Since all
external factors are constant, the principle determinant of out-
put is the work method. Unfortunately, most of construction
operations cannot be modeled as a closed process.’’
5.1. Types of models
The model is deﬁned as the body of information about a sys-
tem for the purpose of studying that system. Several types of
models are available. They could be classiﬁed in many ways.
One of the classiﬁcations is given by Fishman (1973, cited in
Aziz, 2004, p. 15) [8]. He classiﬁed them into physical (iconic)
models, symbolic (abstract) models, mental models and sche-
matic (visual) models as shown in Fig. 3.
Physical models are scaled representations of physical sys-
tem like electrical, mechanical, ﬂuid and thermal systems,
which are made of tangible components.
Symbolic models are built easily and economically com-
pared to physical models. An example of symbolic models is
the mathematical model. The mathematical model is a set of
mathematical and logical relations between various system
elements.
These are heuristic models that exist only in mind. Mental
modeling is a basic human activity that simpliﬁes planning and
decision-making processes. Building mental models is based
upon experience, intuition, and judgment.
Schematic models are in the form of graphs, charts, maps,
etc. An example of these models is the critical path method of
planning. It imitates the construction projects into a series of
boxes representing the activities constituting the construction
projects.Known input 
Controlled 
conversion with 
isolated 
environment 
Known output
Figure 2 Construction as closed conversion process (Drewin,
1985 cited in Thomas et al., 1990, p. 709) [5].
Models 
Physical models
Model of tangible 
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Dams, 
Airplane,…etc. 
Symbolic models
They are abstract 
models like 
mathematical 
equation and 
symbolic or 
logical relations 
Mental models
They are mainly in 
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Schematic models
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Figure 3 Types of Fishman models (Fishman, 1973, cited in
Aziz, 2004, p. 16) [12].6. Case studies
6.1. Case study (1)
This case study and data analysis are quoted from Hosny
et al. [16]. The objective of this case study is to determine,
analyze and quantify the most inﬂuential factors adversely
affecting productivity in tiling operations on construction
sites in Egypt. The data have been collected through the
use of ‘‘Activity Sampling’’ technique. Activity sampling as
a technique for quantifying the time spent by construction
craftsmen in certain predetermined categories of activity, pro-
vides valuable information to the construction manager
regarding areas of low productivity on his project that need
corrective action.
6.1.1. Nature of the study
The data used in this study were collected from an industrial
building that has been completed and delivered to its owner,
a public sector company, ‘‘Sabi Co.’’. The second ﬂoor of this
building was designed and constructed as workshops, inspec-
tion laboratories and stores. It was decided to change the
870 m2 ﬁnished ﬂoor of the 2nd story from plain concrete to
30 · 30 · 3 cm tiles.
The laborers used to do this operation were the owner’s
own labor. The tiling crew consisted of two tile-ﬁxer, two assis-
tants and two laborers. The work was carried out 6 days a
week, Saturday to Thursday. The net working day was 7 h
per day divided into two periods: from 8:00 am to 12:00 pm
and from 1:00 pm to 4:00 pm. Lunch break was from
12:00 pm to 1:00 pm.
All required material were delivered and unloaded on a
working area next to the building. Materials were then trans-
portedmanually to the 2nd ﬂoor (+5.20 m)where the operation
was carried out. Mortar was mixed manually at the 2nd ﬂoor.
6.1.2. Planning the study
An absolute limit of inaccuracy, L, of +5% at a 95% conﬁ-
dence level was speciﬁed. The number of observations re-
quired, N, is computed using Eq. (12).
N ¼ Z
2  Pð1 PÞ
L2
ð12Þ
where Z= number of standard deviation deﬁning the conﬁ-
dence intervals, its value depends on the level of conﬁdence re-
quired, (Z= 2 when 95% conﬁdence is required),
L= absolute limit of inaccuracy (sampling error) expressed
as a decimal equivalent and P= the estimated probability of
observing a worker doing a certain activity. A ﬁeld count
was carried out and showed that P= 0.30, hence,
N ¼ 4ð0:30Þð1 0:30Þð0:05Þ2 ¼ 336 observations
Four rounds during the day were made; this was repeated
for 14 days. As the crew was six-man crew, then the total num-
ber of observations was 4 · 6 · 14 = 336 observations.
6.1.3. Results of the study
Table 2 shows the operation’s elements, also shows the ele-
ments of active and inactive times.
Table 2 Operation’s elements and their percentages [16].
Category
(% of total time)
Element % of total
time
Active (65.43) Unloading material from truck 12.78
Transporting material to 2nd ﬂoor 13.39
Mixing mortar 11.62
Fixing tiles 20.80
Cleaning oﬀ before grouting 2.38
Grouting joints 4.46
Inactive (34.57) Waiting for material
Unavailable on site 9.52
Unavailable on warding area 3.40
Waiting for tools 1.48
Talking 8.63
Eating/drinking 3.27
Absenteeism
In the clinic 0.59
In the main oﬃce 2.03
No clear reason 5.65
Towards improving construction labor productivity and projects’ performance 327It illustrates the proportions of active and inactive times in
relation to the total available working time. It shows that the
crew’s active time was 65.43% and inactive time was 34.57%.
6.1.4. Indications and corrective actions
In order to highlight the major problem areas that cause delays
in the operation, the elements that fall in the same area are
grouped together. Each group is expressed as a percentage of
the total inactive time as shown in Table 3.
It is clear that material supply and material handling sys-
tems should be improved. It is also clear that some disciplines
are needed on site to reduce the amount of time wasted
through talking, eating, etc. Incentive scheme is probably re-
quired to overcome the high rate of absenteeism.
6.2. Case study (2)
This case study and data analysis are quoted from Abdel-
Razek et al. [17]. The objectives of this case study are to
explain brieﬂy two of the lean construction principles, namely
benchmarking and reducing variability in labor productivity,
to demonstrate the conceptual benchmarking model for con-
struction labor productivity and implement the model in some
construction projects in Egypt, and to examine the impact of
variability in labor productivity on labor performance.
6.2.1. Terms and concepts used in the study
In this study labor productivity is deﬁned as the hours of work
divided by the units of work accomplished. This value is oftenTable 3 Main problem areas [16].
Problem area % of total available
working time
% of total
inactive time
Waiting for material 12.92 37.37
Talking, eating and
drinking
11.90 34.42
Absenteeism 8.27 23.92
Waiting for tools 1.48 4.2
Total 34.57 100.00called physical labor productivity or unit rate. The lean con-
struction system sees production as a ﬂow of material, infor-
mation, equipment, and labor from raw material to the
product. In this ﬂow, the material is converted, inspected, wait-
ing or moving. The principles of lean construction include:
– Practice just-in-time (JIT).
– Use pull-driven scheduling.
– Reduce variability in labor productivity.
– Improve ﬂow reliability.
– Eliminate waste, and simplify the operation.
– Benchmark.6.2.2. Benchmarking
Benchmarking can be deﬁned as ‘‘a systematic and continuous
measurement process; a process of continuously measuring
and comparing an organization’s business process against
business leaders anywhere in the world to gain information
which will help the organization to take action to improve
its performance’’. Abnormal workdays are the days when the
random variability in daily productivity values in the absence
of disruptions is about twice the baseline productivity.
Project performance parameters (benchmarks) are:
– Disruption index (DI): It is the ratio of the number of dis-
rupted workdays divided by the total number of observed
workdays.DI ¼ Number of abnormal ðdisruptedÞ work days
Total number of work days
ð13Þ
Performance ratio (PR): It is the actual cumulative produc-
tivity divided by the expected baseline productivity (average
values of baselines of all projects)
PR ¼ Cumulative productivity
Expected baseline productivity
ð14Þ
Base line productivity (best productivity) is calculated in the
same way as of Thomas [6], but using the mean of subset pro-
ductivity instead of the median.
– Project management index (PMI): It is a dimensionless
parameter that reﬂects the inﬂuence that the project man-
agement has on the cumulative labor performance.
Base line productivity (best productivity) is calculated in the
same way as of Thomas [6], but using the mean of subset pro-
ductivity instead of the median.
– Project management index (PMI): It is a dimensionless
parameter that reﬂects the inﬂuence that the project man-
agement has on the cumulative labor performance.
6.2.3. Reduce variability in labor productivity
The goal of lean construction should be to improve perfor-
mance by reducing variability in labor productivity. The vari-
ability in daily labor productivity for each project can be
calculated by using the following equation:
Variation ðVjÞ ¼
P ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃðURij  baseline productivityÞ2
q
n
ð15Þ
328 M.E. Shehata, K.M. El-Goharywhere URij = the daily productivity (unit rate) for workday i
on project j, and n= the number of workdays on project j.
The variation Vj for different projects cannot be compared
directly unless the baseline productivity values are the same.
Therefore, the coefﬁcient of variation is calculate
Coefficient of variation ðCVjÞ
¼ Vj  100ðBaseline productivityÞj
ð16Þ
where CVj = coefﬁcient of variation for project j.
6.2.4. Data collection and analysis
Data collection consists of masonry activities from 11 con-
struction projects in Egypt during the time frame 1/3/2004–
23/7/2004. The projects include commercial and residential
buildings.
The average base line productivity (best productivity) of the
studied projects is 0.608 W h/m2. The criterion for an abnor-
mal work day was deﬁned as any work day when the produc-
tivity exceeded 1.216 W h/m2.
6.2.5. Project performance parameters (benchmarks)
The higher the DI, the more the project experienced abnormal
work days (poor project). Fig. 4 shows that three projects,
about 27% of the studied projects, are performing well because
DI values are very small (DI < 0.1). It shows also that four
projects, about 36% of the studied projects, are the worst pro-
jects because DI values are very high (DI > 0.4) and they are
poorly performing projects.
It should be noted that the lower the PR, the better the pro-
ject performance. A PR value greater than 1.0 does not neces-
sarily mean a poorly performing project, but rather is aD
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Figure 5 Performance ratio ocomparison against the best overall performance observed in
all projects. However, some projects performed poorly, most
notably projects are projects Nos. 8, 9 and 10 with PR values
of 6.16, 2.91 and 2.21 respectively. These projects have high
PR (PR > 2) and DI values (DI > 0.4). Fig. 5 shows the per-
formance ratios of the studied projects.
It should be noted that the lower the PMI, the better the
project management’s inﬂuence on overall performance. Seven
projects have PMI values >0.5 (about 64% of the studied pro-
jects performed poorly). Three projects (about 27% of all stud-
ied projects) are performing well as PMI values are very small
(PMI < 0.4). The reasons for idle time were due to lack of
materials, poor communication and inadequate supervision.
Fig. 6 shows the PMI for each project.
6.2.6. Variability in daily productivity
The coefﬁcient of variation (CV) of the studied projects are
calculated and presented in Fig. 7. Three projects (27% of
all studied projects) have CV values <65. These projects were
best projects. Seven projects (64% of all studied projects) were
most poorly managed. These projects have CV values >100.
The higher the CV, the more the project experienced abnormal
work day’s (variability of daily labor productivity). It is clear
from this study that variability in unit rate must be managed
in construction projects in Egypt. Way that may lead to reduc-
ing variability include better workﬂow, better planning, and
better information and feedback system.
6.2.7. The relation between variability and performance
The values of the coefﬁcient of variation (CV) of the studied
projects and the values of project management index (PMI)
for each project are given in Table 4. The correlation coefﬁcient
between the CV and PMI was calculated as 0.879. This resultProject
f the studied projects [17].
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Figure 7 Coefﬁcient of productivity variation (CV) [17].
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Figure 6 Project management indices of the studied projects [17].
Towards improving construction labor productivity and projects’ performance 329leads to the conclusion that in order to improve project perfor-
mance, variability in labor productivity should be reduced.
El-Gohary and Shehata [18] commented on case study (2)
as follows:
(a) The calculation method of base line productivity is slight
different from the method used by Thomas [6] where the
mean of subset productivity is used in this study instead
of the median. Therefore, there is no standard for pro-
ductivity benchmarking criteria.
(b) Abnormal work days were determined for each studied
project based on the average base line productivity for
all projects. The abnormal work days for a project are
its property and reﬂect its work environment. So, it
would be more realistic if they were determined
based on the base line productivity of each individual
project.
In addition, this case included reducing variation in produc-
tivity as a principle, when ‘improving productivity’ would be
more appropriate, and is to be achieved in part by reducing
variation in the ﬂow of materials, information, labor, etc. that
cause mismatches between load and capacity which is funda-
mental determinant of productivity. Also, it is used to argue
that labor productivity is to be improved by reducing variation
in labor productivity, but the assumption is that variation is
negative in relation to a computed baseline. If we consider
the possibility that labor productivity varies every day, but gets
better every day, that destroys the authors’ argument.
Liu et al. [19] concluded that labor productivity was found
to be positively correlated with Percent Plan Complete (PPC),
a measure of work ﬂow variation. The relationship between
productivity and the ratio of total task completion to plannedtasks, weekly workload, weekly work output, and weekly work
hours was also studied, and no signiﬁcant correlation was
found. The results suggest that productivity is not improved
by completing as many tasks as possible regardless of the plan,
nor from increasing workload, work output, or the number of
work hours expended. In contrast, productivity does improve
when work ﬂow is made more predictable. These ﬁndings
can help project managers focus on actual drivers of produc-
tivity. It can also help consulting companies pinpoint respon-
sibility for productivity losses in claims.
7. Conclusions
The main conclusions drawn from this study are:
(1) There is no standard deﬁnition of productivity and any
current misunderstandings about productivity appear to
stem from at least nonstandard terminology.
(2) It appears that choosing a measure that is appropriate to
the purpose is very important. State-of-the-art methods
and techniques of productivity measurement are
presented.
(3) The key for productivity improvement is not to com-
plete as many tasks as possible or to maximize work-
load, work output, or work hours without following
the work plan. Rather, the key is to focus on maintain-
ing a predictable work ﬂow and thus be able to match
the available workload with capacity (work hours).
(4) Since work ﬂow variation is signiﬁcantly correlated with
labor productivity performance, the party who caused
work ﬂow variation should also be responsible for the
reduced productivity. Applying the work ﬂow
variation analysis in labor productivity claims can help
Table 4 Values of CV and PMI of the studied projects [17].
No. Project name Project
management
index (PMI)
Coeﬃcient of
productivity
variation (CV)
1 Elmona 0.202 38.23
2 Elaboor village 0.411 62.26
3 Shalik mall 0.722 102.48
4 Elzhour 0.638 108.6
5 M. Hassan 0.347 99.34
6 Elaboor a 0.645 106.63
7 Elaboor b 0.765 108.53
8 Elaboor c 4.23 217.73
9 Elaboor d 1.878 195.7
10 Oraby 1.154 111.883
11 Elkodda 0.386 53.02
Correlation
coeﬃcient
(PMI)
All projects 1
0.879
330 M.E. Shehata, K.M. El-Goharycontractors and owners reach an agreement on who
caused productivity losses and who should be responsi-
ble for it. Therefore, it can help save time and money.
(5) To improve project performance, variability in labor
productivity should be reduced with regard to available
workload and capacity (work hours). Variation that
affects labor productivity and should be reduced is
deﬁned as the time difference between what was planned
and what occurred in terms of task starting times and
duration.
(6) A set of graphs for factors affecting labor productivity
was presented which could help improve labor produc-
tivity and projects’ performance.
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